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PERCUTANEOUS ABSORPTION AFTER TWENTY-FIVE YEARS: 
OR "OLD WINE IN NEW WINESKINS" 
ROBERT J. SCHEUPLEIN, PH.D. 
Research Laboratories of the Department of Dermatology-Biophysics Unit, Harvard Medical School at Massachusetts 
General Hospital, Boston, Massachusetts, U. S. A. 
Two developments have greatly added to our knowledge of percutaneous absorption over 
the past quarter century: (1) proof that the entire stratum corneum is the effective barrier 
layer of the skin, and (2) the advent of highly sensitive analytical techniques. The first 
enabled us to measure permeation rates on excised skin and the second greatly extended the 
kinds of substances that could be studied in vivo and in vitro. 
The process of percutaneous absorption is beginning to be understood more quantitatively. 
New light has been shed on the elementary mechanisms of permeation, the site of diffusional 
resistance at the molecular level, the effect of specific functional groups on solute permea-
tion, the role of skin appendages, and the effects of vehicles. 
To understand the current state of the art in per-
cutaneous absorption and the progress made over 
the last 25 years, we need to describe the early in-
terest in this area. The observer who first conceived 
of and recorded the function of the skin as a pro-
tecti ve barrier is lost to history , but this theory has 
gripped our imagination ever since. Until the turn 
of the 20th century, the skin was generally regarded 
as totally impermeable to all substances, i.e. , a 
completely protective barrier. The fact that such a 
conclusion was physically and physiologically in-
explicable explains why much of the earlier work 
was devoted to establishing that the skin was per-
meable, however slightly so. Most of this work, 
which was done in vivo, relied on the detection of 
trace substances in the blood or urine. Only when 
the tested compounds penetrated' readily and 
could be detected easily was the fallacy of the com-
plete impermeability of the skin gradually dis-
pelled. By the beginning of this century, the sys-
tematic work of Schwenkenbecker [1] and others 
had shown the comparatively greater skin permea-
bility of lipid-soluble substances and the relative 
impermeability of water and electrolytes. This was 
almost 30 years before Collander and Barlund [2] 
established the importance of lipid solubility to 
cellular transport. 
Another major problem was the precise location 
of the "barrier layer" in the skin. As early as 1853, 
workers were aware that the skin 's various layers 
were not equally permeable. Homalle in 1853 [3] 
and Duriau in 1856 [4] had observed that blister 
formation indicated that the epidermis was con-
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siderably more impermeable than the dermis. In 
1919 H. W. Smith and his colleagues [5] reported 
that practically all of the dichloroethyl sulfide 
(mustard vessicant) they had applied could easily 
be washed away with solvents 15 min after applica-
tion. They cuncluded therefore " ... that mustard 
gas is first absorbed by some element on or imme-
diately adjacent to the skin surface but is unable to 
rapidly penetrate further." The intuitive deduc-
tions of both Homalle and Smith were correct. The 
former implicated the epidermis rather than the 
rest of the skin and the latter located the barrier 
layer in the stratum corneum or horny layer. But 
for the next 50 years this theory was hotly debated 
and was not generally accepted until the water 
permeation experiments of Winsor and Burch [6]. 
Finding that an increased water permeability fol-
lowed a light sandpapering of abdominal skin, 
these workers confirmed that the barrier is located 
in the epidermis and specifically pinpointed the 
stratum corneum as the barrier. 
However, it was widely believed at the time that 
the stratum corneum was " ... a grossly porous 
membrane through which not only ions but also 
large molecules moved rapidly . . . ." [7]. This 
belief may have arisen from the clinical impres-
sions of dermatologists who dealt with loose, des-
quamating horny layers. In 1909, Oppenheim [8] 
had found that the thicker than normal horny layer 
found in patients with ichthyosis vulgaris had 
nearly normal permeability rather than the re-
duced permeability that might be expected were 
the horny layer decisive. We now know that 
ichthyotic tissue is not comparable to normal 
stratum corneum and is, in fact, much inferior as a 
barrier [9]. The histologic custom of viewing skin 
in transverse section after dehydration, fixation, 
and staining must also have tended to confirm the 
erroneous notion of a porous horny layer (Fig. 1). 
As Kligman [9] has observed, the violence inflicted 
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FIG. 1. Top: Stained cross section of human skin. 
Stratum corneum has porous appearance typical of 
histologic preparations. Bottom :Electron photomicro-
graph of uppermost layer of epidermis showing 10 cell 
layers of stratum corneum . 
on the stratum coren urn by this technique was 
never fully appreciated by most early investiga-
tors. 
In any event, the role of the stratum coren urn as 
a barrier was not accepted by the majority of the 
dermatologically oriented investigators. In 1924, 
theorizing about a specialized barrier between the 
stratum corneum and the malpighian layer (Fig. 
2), Rein [10] characterized this region as an 
electrical double layer and suggested that it played 
the determining role in the low permeability of the 
skin to ions. In 1945, Mackee, Sulzberger, Herr-
mann, and Baer [11] reported that certain dyes 
came to a sudden halt in this region, which was 
sometimes identified with the stratum lucidum, 
and postulated the "lucidum barrier" both for ions 
and for uncharged molecules. Since this postulate 
seemed consistent with the apparent porosity of 
the stratum corneum, it persisted despite physio-
logic evidence that the basis of the high electrical 
resistance of the skin was the entire bulk of the 
stratum corneum [12]. 
The technique of Wolf [13], which removed 
successive layers of the stratum corneum by re-
peated strippings with adhesive cellophane tape, 
appeared to offer a way to locate the barrier zone 
precisely within the stratum corneum. The crucial 
experiment was done by Blank in 1953. He found 
that the permeability of excised full-thickness skin 
to water remained almost normal until the lowest 
part of the stratum corneum had been removed. He 
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concluded that" ... a thin layer in this region 
must contain the rate-limiting barrier" [14]. The 
figures that Blank used to illustrate this conclu-
sion, are shown in Figures 2 and 3. The data on 
which they are partly based are shown by the solid 
line in Figure 4. 
The conclusion was erroneous since the observa-
tion indicated only that the lowest layers are quite 
impermeable but not necessarily less permeable 
than the upper layers. In fact, Blank's data can 
equally well be interpreted as implying that the 
bulk of the stratum corneum was uniformly imper-
meable (the - x - x - line in Fig. 4). This has 
since been acknowledged by Blank [15] and con-
firmed in later stripping experiments by Monash 
and Blank [16]. The best direct evidence that the 
horny layer is uniformly impermeable comes from 
studies that located substances within the tissue 
some time after application. In the few cases where 
this was done with isotopic tracers, the largest 
amount has always been found to be in the outer 
layers and to decrease proportionately toward the 
base. Thus, the outer layers do, in fact, greatly im-
pede penetration [17 ,18]. 
FIG. 2. Schematic of skin cross section. Dark band 
between the stratum corneum and the malphigian layer is 
the stratum lucidum, the early presumptive " barrier. " 
I'~ .. ~ .. (- --...."". --
stratum 
corne;um 
FIG. 3. Artificial blow-up of the boxed area in Figure 
2. (Courtesy of Prof. 1. H. Blank) 
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FIG. 4. Effect of stripping on water flux. Full line is 
drawn through experimental values; crosses represent 
theoretical values assuming a uniform tissue and a 
constant fraction removed in each stripping: dashed line 
represents the idealized behavior of the stratum corneum 
with a terminal barrier layer. 
Today there remains no serious doubt that the 
principal barrier layer of the skin is the bulk of the 
stratum corneum, a metabolically inactive and 
relatively stable tissue. This simple finding, the 
major result of two decades of work in percutane-
ous absorption, was important for two reasons: it 
answered an important physiologic question about 
the function of the skin and, perhaps more signifi-
cantly, it justified and encouraged the use of 
excised skin as diaphragm membranes in diffusion 
cells. With this technique, together with isotopic 
tracers and other sensitive analytical methods , the 
selective permeability of the skin to a wide range of 
substances could be quantitatively studied. 
PASSIVE VS ACTIVE TRANSPORT 
There had been some skepticism about whether 
dead, excised tissue could really serve as a substi-
tute for live skin . The discovery of active transport 
processes in other systems had led to questions as 
to whether similar processes occur in skin. Numer-
ous studies have maae it clear that the skin does 
behave like a passive diffusion medium. Fick's law 
is obeyed at least as a good approximation. It was 
SOon established that carefully separated epider-
mis or stratum corneum has the same permeation 
rate as whole skin. The permeability of water at 
35°e, for example, is appwximately 0.5 mg · cm - 2. 
hr - 1 measured in vivo from a nonsweating region 
of the forearm or abdomen or in vitro from excised 
skin placed over a water reservoir [14,19]. Similar 
correfations between permeation rates in vivo and 
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in vitro have been observed for ions [20-22] and 
small-molecular-weight nonelectrolytes [23,24]. 
The way in which substances penetrate excised 
skin and skin in vivo can differ significantly. This 
is due to artifacts that intrude during epidermal 
separation, not to vital processes or active trans-
port processes occurring in vivo. For example, the 
degree of hydration and swelling, the extent to 
which the stratum corneum folds, and the condi-
tion of the appendages are invariably altered by 
separation (see below). 
PERCUTANEOUS ABSORPTION-THE BASIC MODEL 
Percutaneous absorption is the relatively rapid 
absorption of substances at the surface of the 
stratum corneum; the slow, passive diffusion 
through it; followed by the rapid diffusion through 
the viable epidermis and papillary dermis and into 
the microcirculation of the skin. The viable tissue 
layers and capillary walls are relatively more 
permeable than the stratum corneum, and the 
peripheral circulation is sufficiently rapid for the 
diffusion of most substances through the stratum 
corneum to be rate limiting. The skin can therefore 
be regarded as a composite or layered diffusion 
medium (Fig. 5) consisting of a thin layer of low 
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FIG. 5. Composite diffusion model of the skin. In the 
steady state, the permeability constant becomes a simple 
additive function of three separate diffusional resistance 
terms. The stratum corneum resistance Rs .c . is far greater 
than those that are due to the viable layers RE;rPid . and the 
perfusion term Rperr . . 
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diffusivity overlaying a much thicker layer of 
higher diffusivity. The principal effect of having a 
thin, relatively impermeable stratum corneum is 
the large drop in concentration produced across its 
surface which results in a much lower concentra-
tion level within the viable epidermis than if the 
stratum corneum were absent, ruptured, or dis-
eased. In effect, the stratum corneum limits the 
accumulation of exogenous substances by prevent-
ing their entrance except at very low rates. Thus, 
the relatively rapid diffusion of these substances 
from the aqueous viable cells to the cutaneous 
microcirculation is adequate to maintain their 
level in the viable tissue at very low concentra-
tions. 
MECHANISMS OF PERMEABILITY 
Intracellular or Bulk Diffusion. 
During the 1960s, progress accelerated with the 
quantitative measurement of skin permeation 
rates. Permeation rates of several low-molecular-
weight non electrolytes increased in proportion to 
their applied concentration iri agreement with 
Fick 's law. Actual stratum corneum:vehicle parti-
tion coefficients were measured for the first time 
[25] and in several homologous series were higher 
for the more permeable solutes. The fact that ac-
tivation energies for the permeation of water and 
water-soluble substances were in the order of 15 to 
20 kcal· mole - 1 revealed an unexpectedly con-
densed and stable internal structure of hydrated 
stratum corneum [26]. Large amounts of water 
(3-5 gmlgm dry tissue) were characteristic of the 
well-hydrated stratum corneum; this water dif-
fused out very slowly [27]. 
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FIG. 6. Comparison of diffusional resistance of dermis 
and epidermis for aqueous solutions of alcohols . 
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These and other data helped verify an expanded 
form of Fick's law for steady-state transport of 
low-molecular-weight substances through skin: 
(1) 
Where: 
Js = flux of solute or penetrant; 
D = solute diffusion constant in the stratum 
corneum; 
K = stratum corneum:vehicle partition coeffi-
cient for the solute; 
o = thickness of stratum corneum; and 
6.Cs = external concentration difference across 
the stratum corneum [19 J. 
Equation (1) is analogous in form and concept to 
Ohm's law which describes the linear relation 
between electrical flux (current = j), potential 
difference 6. V, and electrical resistance R (j = 
6. VIR). In a similar way, the reciprocal of the 
permeability constant l/kp can be regarded as a 
diffusional resistance. Figure 6 illustrates the over-
whelming diffusional resistance of the stratum 
corneum (epidermis) compared with the full-thick-
ness dermis. 
Equation (1) summarizes the elementary phy-
sics of the permeation process through the stratum 
corneum. Even though it is an oversimplification, 
it does include the major elements important to 
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FIG. 7. Permeability data for the alkahols penetrating 
from water. Top: Flux vs carbon number. Middle: Effect 
of concentration removed by equation (1). Bottom: After 
correction for partition coefficient. Results shows the 
diffusion constant is the same for each alcohol. 
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TABLE. Permeability data (25° C)-aqueous alcohol solutions (0) 
Epidermis 
Solute 
Water 
Methanol 
Ethanol 
Propanol 
Butanol 
Pentanol 
Hexanol 
Heptanol 
Octanol 
Nonanol 
Decanol 
0.5 
0.5 
0.8 
1.2 
2.5 
6.0 
13.0 
32.0 
52.0 
60.0 
80.0 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.055 
0.015 
0.0035 
0.0014 
0.0003 
J~ 
0.05 
0.05 
0.08 
0.12 
0.25 
0.60 
0.71 
0.48 
0.18 
0.08 
0.02 
K~ 
0.88 
0.6 
0.9 
1.1 
2.5 
5.0 
10.0 
30.0 
50.0 
0.57 
0.62 
0.66 
0.80 
0.74 
0.88 
0.96 
0.79 
0.77 
[26.6 ] 
[26.6] 
[26.6 ] 
[26.6 ] 
[26.6 ] 
[26.6] 
[26.6] 
[26.6 ] 
[26 .6 ] 
[26.6 ] 
[26.6 ] 
# 
45 
10 
35 
21 
8 
50 
8 
11 
13 
3 
1 
Dermis 
Solute 
Water 
Methanol 
Ethanol 
Propanol 
Butanol 
Pentanol 
Hexanol 
Heptanol 
Octanol 
60 
53 
35 
31 
30 
24 
20 
25 
26 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.055 
0.015 
0.0035 
6.0 
5.3 
3.5 
3.1 
3.0 
2.4 
1.1 
0.38 
0.09 
[K~l 
[0 .6 ] 
[0.6 ] 
[0.6] 
[0.6] 
[0.6] 
[0.6 ] 
[0.6] 
[0 .6 ] 
[0.6] 
6.9 
6.1 
4.0 
3.6 
3.5 
2.8 
2.3 
2.9 
3.0 
2.5mm 
2.5mm 
2.5mm 
2.5mm 
2.5mm 
2.5mm 
2.5mm 
2.5mm 
2.5mm 
# 
10 
3 
8 
9 
3 
4 
9 
9 
3 
k; = perm~ability constant .... . . .. .. . .. .. .. . .. . . .. . ... . . . .. . . .. . .......... .. . . . . (cm' hr - ) 
I1Cso = solute concentration difference . . ...... . . . ... .. . . . .. .. . . . ... ... .. . . . . . .. .... . (moles ' 1- 1) 
J
s
O = flux of solute ...... . .. : ... . .. . ..... .. ..... . .. . ... . . .. .. . ... . . . ... .. . . . .. . . .. (~moles/cm - 2 . hr - 1 
K;;' = tissue:solvent partition coefficient of the solute (alcohol) for the aqueous sys-
~m ....... .. . .. . ..... . . .. . . . . . .... . . . .... . . . . . . . .. ..... . .. . ... .. ..... . D: = apparent membrane difLlsion constant for the solute ..... .. .... . . . . . .. . . . . . . . 
0;:' = membrane (epidermis or dermis) thickness . . . . ...... . . .. . ......... . ....... . .. (microns or mm) 
# = (The data given are average values; the last column (#) gives the number of 
experiments on which the given averages are based.) 
skin permeation. Figure 7 shows how the appar-
ently complex permeation behavior of a group of 
homologous alcohols, penetrating from water, can 
be resolved by means of this analysis. (These 
curves correspond to the Epidermis data in the 
Table) . 
Equation (1) assumes that the stratum corneum 
is a uniformly homogeneous diffusion barrier; but 
the active appendageal diffusion shunts prove that 
this cannot be true. Because of the mosaic fila-
ment-matrix ultrastructure of intracellular kera-
t in, the assumption would be untrue even if there 
were no appendages (Fig. 8). This ultrastructure 
is relevant to the diffusion process because accord-
ing to the evidence, intracellular keratin is the site 
()f the diffusional resistance of the stratum cor-
neum to water-soluble molecules, not the cell walls 
of the individual cells [25]. The data in the Table 
indicate that the stratum corneum has an affinity 
for both water-soluble and lipid-soluble comp-
pounds and that its affinity for the former is far 
greater than would be expected if lipophilic cell 
membranes were the principal barrier to these 
substances. The bifunctional solubility of skin is 
thought to arise from the mosaic, filament- matrix 
ultrastructure of intracellular keratin whereby 
aqueous and lipid regions coexist separately [19]. 
The smaller diffusion constants and larger activa-
tion energies of water-soluble substances imply 
that these polar substances are effectively bound 
in the aqueous regions of the tissue. Lipid-soluble 
molecules were found to penetrate with lower ac-
tivation energies, apparently through lipid-rich 
regions of the tissue. Since lipids abound both in-
tracellularly and intercellularly, the specific diffu-
sion pathway of these molecules is still uncertain. 
Appendageal Diffusion 
The role of skin appendages in percutaneous 
absorption was an active issue 25 years ago. 
Everyone agreed that three distinct routes of 
penetration through the stratum corneum were 
possible: (1) the follicular and sebaceous regions, 
(2) the sweat ducts, and (3) the unbroken stratum 
corenum in between these appendages. But which 
one was the principal route of penetration? Opin-
ion was divided, one holding out for appendageal 
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FIG . 8. Electron micrograph of intracellular keratin. 
(Courtesy of 1. Brody, J Ultrastruct Res 4:264-297, 1960) 
diffusion, the other for the unbroken stratum 
corenum; the evidence for both views was strong. 
Those favoring appendageal diffusion cited the 
preferential staining of hair follicles [11], the 
formation of perifollicular wheals [28], and the 
rapid diffusion of charged dyes through sweat 
ducts under a potential gradient [29]. The propo-
nents of diffusion through the unbroken stratum 
corneum cited the limited fractional surface area of 
the appendages (~10- 3 over most of the body 
[30]), the inability to affect steady -state permea-
tion by including more or fewer appendages in the 
tested region [22], and the very high activation 
energies which would be unlikely if the pathway 
were the relatively rapid appendageal diffusion 
[26 ]. 
Today I believe these conflicting theories have 
been satisfactorily reconciled [30]. Skin append-
ages can and do act as diffusion shunts along with 
the slower route directly through the unbroken 
stratum corneum. The effectiveness of these 
shunts, principally of hair follicles and sweat 
ducts, depends on their contribution to the total 
flux across the skin. The relevant factors are: (1) 
solute diffusivity within the appendages vs 
through the unbroken stratum corneum; (2) the 
relative effective area of the appendages for diffu-
sion; and (3) their effective path length to the 
nearest capillaries vs that through the stratum 
corneum. 
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With these factors, it can be demonstrated that 
the larger shunt diffusivity of most simple nonelec-
trolytes is more than compensated by the much 
smaller effective fractional area of the shunt path-
ways . For ions or nonelectrolytes with many polar 
groups capable of hydrogen bonding with hydrated 
keratin, shunt diffusion can be the predominant 
diffusion pathway. These molecules penetrate so 
slowly through keratin that the limited flux 
through the shunts constitutes almost the entire 
diffusion flux. 
These statements assume that diffusion has gone 
on long enough for a steady state to be achieved 
because only then are the contributions from 
parallel diffusion pathways given by equation (1). 
Before steady-state diffusion is established, shunt 
diffusion through appendages can be significant for 
most molecules. This seemingly anomalous behav-
ior arises from the nonlinear time dependence of 
transient diffusion , i.e., diffusion before the steady 
state. One expression of this fact is a longer lag 
period for the diffusion pathway with the smaller 
diffusion constant (Fig. 9). This means that soon 
after a substance is applied to the skin, diffusion 
occurs solely through shunts and only later mainly 
through the bulk of the stratum corneum. 
An analogy may help to clarify this point. Suppose there 
are two ways to move an army across a muddy terrain : ei-
ther by walking across a limited number of narrow foot 
bridges or by slogging through the mud. A soldier obvi-
ously finds it much easier going over the mud than 
through it, but there is only one bridge every thousand 
yards and so bridges are unavilable to most soldiers. The 
bridges represent the shunt pathways with their limited 
capacity ; the mud represents the principal pathway of 
much lower diffusivity. The signal is given and the troops 
begin to cross. The first soldiers across obviously come 
over by the bridges. But after a time (the lag time for the 
low diffusivity process) the front line of the main body of 
soldiers slogging through the mud finally makes it across 
in much greater numbers. 
The precise contribution of the appendages to 
the total flux obviously cannot be accurately 
calculated for a system as complicated and varia-
ble as skin. But the conclusion seems certain that 
appendageal diffusion predominates for some time 
in early stages after the application of a penetrat-
ing substance. 
When the extant data on skin permeability are 
considered in the light of both steady-state and 
transient diffusion, much apparently conflicting 
data can be resolved. Thus the experiments of 
Treherne [22], Tregear [31], Blank [32], and 
Scheuplein [30], which are all measurements of 
steady-state fluxes, support the theory of intrinsi-
cally slow, difficult diffusion through the bulk of 
unbroken stratum corneum. And the experiments 
of Mackee et a1 [11], Shelley and Melton [28], and 
Abramson and Gorin [29] are all measurements of 
early, rapid diffusion occurring through a small 
portion of the membrane, i.e., appendageal diffu-
sion. These latter experiments used either biologic 
end points sensitive to extremely small concentra-
July 1976 
o 
,,/<..> .20 
O~ 
C> 
Z 
-
.15 ~ 
<t 
0:: 
~ 
W 
Z 
w 
a.. 
.10 
~ 
Z 
::> 
0 
~ 
<t 
.05 
o = 1.0 X 10. 9 
2 668 
o 1000 2000 3001) 
0 00 4 
o OC 3 
6 7 
100 
(f = 10 · 4 ) 
PERCUTANEOUS ABSORPTION 
/'[, 
I 
o , 10 ' 9 / 
/ 
/ 
/ 
2 00 
/ 
I 
I 
I 
I 
300 4 0 0 H e 
37 
t sec. 
FIG. ~. Approach to steady-state flow for membrane pathways of different diffusivity . Inset shows initial 
predommance of shunt diffusion for the diffusion constants and shunt area depicted (10 - 4 ) . 
tions or the artificial enhancement of the shunt 
pathways, viz the ionophoretic technique used by 
Abramson and Gorin. Neither group of results 
demonstrates the constant predominance of a 
single permeability pathway through the skin. 
Reinterpreted in this way, these data. are seen to be 
mutually consistent and in accord with the known 
structure and predicted physical behavior of the 
epidermis. 
EFFECTS OF VEHICLES 
The importance of the lipid solubility of the 
penetrant was recognized even before 1900, buts its 
quantitative implications were not appreciated as 
late as 25 years ago. This fact was expressed in very 
simple form: lipid-soluble substances penetrated 
faster than water-soluble ones. As a broad generali-
zation this was often true; as a logical principle, it 
was incorrect and gave false predictions. After 
several experimental failures, it was abandoned 
and modifications were suggested. One new theory, 
also incorrect but interesting, was that a partition 
coefficient near unity would provide optimum 
penetration. This was formulated to explain the 
low penetration rates of some lipid-soluble sub-
stances, the rationale being that they were not 
sufficiently soluble in the aqueous layers of the 
skin. 
Two main errors or oversights prevented a cor-
rect appreciation of the role of lipid solubility: (1) 
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FIG. 10. Effect of vehicle on the trend of permeability 
with increasing lipid character of the solute . 
overlooking the effect of the vehicle and its affinity 
for the penetrating solute, and (2) the belief that 
lipid-soluble substances could not dissolve in the 
viable, watery layers of the epidermis. Thus the 
simple statement that "lipid-soluble substances 
penetrate faster than water-soluble ones" is incor-
rect mainly because it omits consideration of the 
actual vehicle used. The correct expression of the 
underlying principle is given in equation (1) , viz, 
flux is proportional to the stratum corneum:vehicle 
partition coefficient. The tissue:vehicle partition 
coefficient K = Cm/Cu is explicitly symmetrical in 
both concentrations. K can increase through an 
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increase in the solubility of the solute in the tissue 
Cm or through its low solubility in the vehicle Cu • 
Thus, depending on the vehicle used, a lipophilic 
solute may penetrate faster, slower, or at the same 
rate as a comparative water-soluble solute (Fig 10). 
In this instance, water and isopropyl palmitate, 
an olive oil analogue, were used as vehicles for the 
alcohols. 
The problem of the limited water solubility of 
lipophilic molecules is a real one but only in the 
rare case of an exceptionally lipophilic molecule 
with a reasonably large diffusion coefficient. For 
most molecules, the 1000-fold or greater diffusivity 
of the viable epidermis and dermis (Tab., bottom), 
together with the rapid blood perfusion in skin, is 
sufficient to guarantee unhindered diffusion once 
the molecule gets past the stratum corneum. 
Of course, many vehicles are deleterious to the 
skin and can profoundly alter the solubility and 
the diffusivity of substances in the stratum cor-
neum. Apparently, water and aprotic solvents like 
dimethylsulfoxide can increase penetration rates 
significantly and almost reversibly [33,34]. Neither 
solvent acts as a "carrier" nor is the increased 
permeability due simply to a more favorable parti-
tion coefficient for the solute [35]. Lipid solvents 
can destroy the barrier properties of the stratum 
corneum by removing lipids and leaving a porous 
tissue [19,34]. Other vehicle adjuvant-like surfac-
tants, e.g., sodium lauryl sulfate, can denature 
keratin and radically increase permeation [34]. 
We do not yet know to what extent vehicles are 
absorbed nor in most cases can we predict the 
direct effects of vehicles on the skin. Perhaps III 
another 25 years. 
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